We studied Lyman-α (Lyα) escape in a statistical sample of 43 Green Peas with HST/COS Lyα spectra. Green Peas are nearby star-forming galaxies with strong [OIII]λ5007 emission lines. Our sample is four times larger than the previous sample and covers a much more complete range of Green Pea properties. We found that about 2/3 of Green Peas are strong Lyα line emitters with rest-frame Lyα equivalent width > 20Å. The Lyα profiles of Green Peas are diverse. The Lyα escape fraction, defined as the ratio of observed Lyα flux to intrinsic Lyα flux, shows anti-correlations with a few Lyα kinematic features -both the blue peak and red peak velocities, the peak separations, and FWHM of the red portion of the Lyα profile. Using properties measured from SDSS optical spectra, we found many correlations -Lyα escape fraction generally increases at lower dust reddening, lower metallicity, lower stellar mass, and higher [OIII]/[OII] ratio. We fit their Lyα profiles with the HI shell radiative transfer model and found Lyα escape fraction anti-correlates with the best-fit N HI . Finally, we fit an empirical linear relation to predict f Lyα esc from the dust extinction and Lyα red peak velocity. The standard deviation of this relation is about 0.3 dex. This relation can be used to isolate the effect of IGM scatterings from Lyα escape and to probe the IGM optical depth along the line of sight of each z > 7 Lyα emission line galaxy in the JWST era.
INTRODUCTION
In young star forming galaxies, Lyman continuum (LyC) photons from hot stars ionize the surrounding hydrogen gas, and Lyα photons come from the recombination of hydrogen gas. The Lyα emission line is a powerful tool in discovering and studying high redshift galaxies. Thousands of high redshift Lyα emission line galaxies (LAE) have been found in the last two decades (e.g. Dey et al. 1998; Hu et al. 1998; Rhoads et al. 2000; Ouchi et al. 2003; Gawiser et al. 2006; Wang et al. 2009; Kashikawa et al. 2011; Erb et al. 2014; Matthee et al. 2014; Zheng et al. 2016) . These high redshift LAEs generally have small size, low stellar mass, low dust extinction, low metallicity, young age, and high specific star formation rate (sSFR) (e.g. Bond et al. 2010; Gawiser et al. 2007; Pirzkal et al. 2007; Finkelstein et al. 2008) . At 2 ∼ < z ∼ < 6, these LAEs are an important population of star-forming galaxies, and they constitute an increasing fraction of Lyman break galaxies across that range, reaching ∼ 60% of Lyman break galaxies (LBGs) at redshift z ∼6 (Stark et al. 2011) .
A current frontier is searching for LAEs in the epoch of Cosmic Reionization. As Lyα photons propagate from a LAE to the observer, they pass through the intergalactic medium (IGM) and will be scattered away from the line of sight by HI in IGM. So Lyα line can be used to probe reionization of IGM (e.g. Malhotra & Rhoads 2004; Treu et al. 2012; Pentericci et al. 2014; Tilvi et al. 2014; Matthee et al. 2015; Santos et al. 2016) . These Lyα based methods can effectively probe HI fraction in the later half of reionization. One major goal of JWST is to observe the Lyα and rest-frame optical lines spectra of z > 7 galaxies and probe reionization with Lyα lines. However, the challenge is to isolate the impact of IGM from other effects that may diminish Lyα. The Lyα photons have to escape out of the galaxies before passing through the IGM and being observed, i.e. (Observed Lyα) = (Intrinsic Lyα) × (Lyα escape f raction) × (IGM T ransmission). The Lyα escape fraction describes how many Lyα photons escape out of both interstellar medium (ISM) and circumgalactic medium (CGM) of a LAE. Thus, to use Lyα reionization tests, we have to understand Lyα escape and predict Lyα escape fraction from other properties.
Lyα escape is also related to the LyC escape process. A large fraction ( 9/12) of known LyC leakers are LAEs (Leitet et al. 2013; Borthakur et al. 2014; Izotov et al. 2016; Leitherer et al. 2016; de Barros et al. 2016; Shapley et al. 2016 ). LAEs at the reionization epoch may be major contributors of ionizing photons. Lyα line profiles may be used as a tool for detecting LyC leakers Alexandroff et al. 2015; Dijkstra et al. 2016) . Understanding Lyα escape is very useful for the study of LyC escape.
As Lyα is a resonance line, it has a high cross-section for HI scattering. The emergent Lyα emission has a complicatedly dependence on the amount of dust, the HI gas column density (N HI ), the kinematics of HI gas, and the geometric distribution of HI gas and dust (e.g . Neufeld 1990; Charlot & Fall 1993; Ahn et al. 2001; Verhamme et al. 2006; Dijkstra et al. 2006; Laursen et al. 2013) . The scattering of Lyα photons can significantly modify the Lyα line profile. LAEs usually show asymmetric or a double-peaked Lyα emission line profiles (e.g. Rhoads et al 2003; Kashikawa et al. 2011; Erb et al. 2014 ). Therefore the Lyα line profile carries a lot of information about the resonant scatterings and can be used to probe the HI gas properties.
To study Lyα escape, it is ideal to have a large sample of LAEs and measure high quality Lyα line spectrum, many optical emission lines, HI gas properties, and multiple other galactic properties. So we can test what properties make Lyα escape, and finally predict Lyα escape fraction from those properties. At high redshift, however, absorption by the intergalactic Lyα forest prevents reliable measurements of the blue portion of Lyα emission lines. Other crucial observations are also impractical, both because high-z LAEs are faint, and because some features (notably rest-optical emission lines) are redshifted to λ obs > 2.4µm, where presently available instruments lack sensitivity. Therefore many studies seek to solve the Lyα escape problem by observing lowz galaxies with similar properties to high-z LAEs (e.g. Giavalisco et al. 1996; Kunth et al. 1998; Mas-Hesse et al. 2003; Deharveng et al. 2008; Finkelstein et al. 2009; Atek et al. 2009; Leitherer et al. 2011; Heckman et al. 2011; Cowie et al. 2011; Wofford et al. 2013; Hayes et al. 2005 Hayes et al. , 2014 Ostlin et al. 2014; Rivera-Thorsen et al. 2015) . However, low-z LAEs are rare and many nearby Lyα emission line galaxies are older and more evolved galaxies than typical high-z LAEs and may be a different population of Lyα emitters. Perhaps the most relevant nearby analogs of high-z LAEs are Green Pea galaxies (Jaskot & Oey 2014; Henry et al. 2015; Yang et al. 2016a , hereafter Paper I).
Green Pea galaxies were discovered in the citizen science project Galaxy Zoo, in which public volunteers morphologically classified millions of galaxies from the Sloan Digital Sky Survey (SDSS). Green Peas are compact galaxies that are unresolved in SDSS images. The green color is because the [OIII] doublet dominates the flux of SDSS r-band which is mapped to the green channel in the SDSS's false-color gri-band images (Lupton et al. 2004) . They generally have small stellar masses (∼ 10 8−10 M ), low metallicities for their stellar masses, high specific star formation rates (sSFR), and (Cardamone et al. 2009; Amorin et al. 2010; Izotov et al. 2011) . The UV spectra of 17 Green Peas generally show strong Lyα emission lines (Paper I; Jaskot & Oey 2014; Henry et al. 2015; Izotov et al. 2016; Verhamme et al. 2016) . These studies have explored the relation of f Lyα esc and dust, metallicity, Lyα profiles, and metal absorption lines with small samples of Green Peas. Besides the small sample size, the previous samples of Green Peas tend to be lower metallicity and lower dust extinction than the whole Green Pea sample. In our HST program, we observed an additional 20 Green Peas in order to have a statistical sample that spans a range of galaxy properties such as metallicity, dust extinction, and star-formation rate (SFR).
In this paper, we use HST/COS Lyα spectra of Green Peas to study the mechanism of Lyα escape. In Section 2, we show the sample and observations. In Section 3, we describe the measurement and properties of Lyα equivalent width and escape fraction. In Section 4, we show the relation between Lyα escape and Lyα kinematic features. In Section 5, we show the relation between Lyα escape and dust extinction, metallicity, stellar mass, morphology, and [OIII]/[OII] ratio. In Section 6, we fit the Lyα profiles with radiative transfer model. In Section 7, we show an empirical relation to predict Lyα escape fraction and discuss its applications on probing reionization.
SAMPLE AND OBSERVATIONS
2.1. The Sample Since the strong [OIII]λ5007 line makes Green Pea galaxies have special optical broadband colors, we can select a few thousand Green Pea candidates from the SDSS imaging survey (Yang et al. 2016 in-prep) . In SDSS DR7, a sample of 251 Green Peas were observed as serendipitous spectroscopic targets (Cardamone et al. 2009) . A subset of 66 Green Peas have sufficient signal to noise ratio (S/N) in both continuum and emission lines (Hα, Hβ, and [OIII] λ5007) to study galactic properties such as SFR, stellar mass, and metallicity (Cardamone et al. 2009; Izotov et al. 2011) . Galaxies with an active galaxies nucleus (AGN) (diagnosed by their broad Balmer emission lines or Hα/[NII] vs.
[OIII]/Hβ diagram) are excluded. In Paper I, we matched these 66 Green Peas with the COS archive and studied Lyα escape in a sample of 12 Green Peas with COS UV spectra. Compared to the larger Green Pea sample, these 12 Green Peas tend to be lower metallicity and lower dust extinction (figure 1). To address the bias and expand the sample size, we took Lyα spectra of 20 additional Green Peas (PI S. Malhotra, GO 14201). These 20 galaxies were selected based on their metallicity and Hα/Hβ values to supplement the previous sample, so that the total sample can cover the whole range of metallicity and dust extinction of the parent sample. We use figure 1 to do the selection first draw grids (shown in figure 1), then pick one or two sources in each grid cell. Note that (a) empty cells are not used and (b) the non-empty cells are not covered perfectly because in the proposal we used gas metallicities measured in Izotov et al. (2011) which are slightly different from the metallicities shown in figure 1. After the selection, we compared the total sample with the parent sample to make sure there is no obvious biases.
We also supplement this sample with 11 additional Green Peas from published literature. In total, we have 43 Green Peas from six HST programs -20 galaxies from GO 14201 (PI S. Malhotra), 9 galaxies from GO 12928 (PI A. Henry; Henry et al. 2015) , 7 galaxies from GO 11727 and GO 13017 (PI T. Alexandroff et al. 2015) , 2 galaxies from GO 13293 (PI A. Jaskot; Jaskot et al. 2014) , and 5 galaxies from GO 13744 (PI T. Thuan; Izotov et al. 2016) . The 7 galaxies in T. Heckman's program were originally selected as nearby Lyman-break analogs by their high FUV luminosity, high UV flux, and compact size. These 7 galaxies can also be classified as Green Peas by their compact sizes in SDSS images and strong [OIII] Calzetti et al. (2000) extinction law and an intrinsic Hα/Hβ ratio of 2.86 (if Hα/Hβ< 2.86, we set E(B-V)=0), and correct the observed emission line fluxes for dust extinction. We use the stellar mass measured from SDSS spectra by Izotov et al. (2011) for 37 galaxies and the stellar mass in MPA-JHU SDSS catalog for the other 6 galaxies (all are Lyman-break analogs). Note that the methods used in Izotov et al. (2011) and MPA-JHU are different. The masses here should be treated as very rough estimates because it is very hard to get the masses of the underlying old population for these young starburst galaxies. To measure the metallicity using T e method, we measure the [OIII]λ4363 line flux in SDSS spectra by fitting a Gaussian function to the continuum subtracted [OIII]λ4363 line spectra. Then we calculate the metallicity using [OIII]λ4363, [OIII]λ5007, and [OII]λ3727 line fluxes following the T e method described in Izotov et al. (2006) and Ly et al. (2014) . We convert the extinction corrected Hα luminosity to SFR using the formula SF R(M /yr) = L Hα (erg/s)×10 −41.27 (Kennicutt & Evans 2012) . The dust extinction, mass, metallicity, SFR, and emission lines properties of this sample are shown in Table 1 and Table 2 .
HST/COS Observation
In our program GO14201, we used HST/COS to observe 20 Green Peas with one orbit per target. First, the targets were imaged in the COS acquisition mode ACQ/IMAGE with MIRRORA, from which we got high resolution near-UV (NUV) images. The targets were centered accurately (error ∼ 0.05 ) in the 2.5 diameter Primary Science Aperture. Then the spectra were taken with grating G160M to cover rest-frame wavelength ranges about 1100 − 1400Å. The other archival Green Peas in our sample were also observed in the same COS acquisition mode ACQ/IMAGE with MIRRORA, and their spectra were taken with grating G130M and/or G160M. The NUV acquisition images of this sample are shown in figure 2 .
The spectral resolution of the above observation is about FWHM∼20 km s −1 for a point source (James et al. 2014) . The actual spectral resolution depends on source angular sizes. The half-light radius of the NUV emission of Green Peas are about 10 pixels (dispersion ∼ 0.012Å pixel −1 ) and it results in FWHM∼40 km s −1 for the UV continuum spectra. As the Lyα sizes of Green Peas are The other samples include 9 Green Pea galaxies with low dust extinction (cyan circle, Paper I; Henry et al. 2015) , 7 Lyman-break analog galaxies (magenta pentagon, Heckman et al. 2011; Alexandroff et al. 2015) , 2 Lyman-continuum leaker candidates (blue star, Jaskot et al. 2014) , and 5 confirmed Lyman-continuum leakers (blue triangle, two blue triangles overlap; Izotov et al. 2016) . The black hollow circles show the other galaxies without HST UV spectra in the sample of 66 Green Peas. Note that a few sources have very small Ha/Hb values. The reasons are not yet well understood, but could be 1) poor flat-field calibration or sky subtraction, 2) different gas conditions from the case-B assumption.
somewhat larger than the UV continuum sizes (Yang et al. 2016b) , the spectral resolutions are worse for the Lyα emission lines. We retrieved COS spectra of this sample from the HST MAST archive after they were processed through the standard COS pipeline.
Lyα EQUIVALENT WIDTH AND ESCAPE FRACTION
3.1. Measurements of Lyα flux, EW, and escape fraction Most Green Peas in our sample show strong Lyα emission lines (figure 3). But about 1/3 Green Peas have relatively weak Lyα lines, where the Lyα absorptions in underlying continuum become non-negligible. Since we want to measure Lyα emission from the recombination of interstellar HI gas, we need to subtract the underlying continuum.
We first estimate a constant local continuum from wavelength ranges near Lyα where the spectra look flat and there are no obvious emission or absorption features. We calculate the "local continuum" f λ (continuum) as the average of the spectra in these continuum ranges.
For 33 Green Peas without damped Lyα absorption (see Table 3 ), we subtract the "local continuum" and calculate the Lyα flux by integrating the spectra in wavelength range ∼ 1212 − 1221Å. Then we correct the Lyα flux for underlying stellar absorption. The equivalent width of stellar Lyα absorption mostly depends on the star formation history and age of the stellar population (Pena-Guerrero & Leitherer 2013) . By comparing the Hα EW of these Green Peas (about 300 − 900Å) with model predictions of Hα EW in star-forming galaxies, we found that these Green Peas probably have instantaneous starburst with a burst age of 4 − 5 Myr (Levesque Pena-Guerrero & Leitherer (2013) , the stellar Lyα absorption EW is about −7Å. So we correct the Lyα fluxes of these 33 Green Peas by an EW=−7Å absorption.
& Leitherer 2013). According to the model calculations in
In another 8 Green Peas, the spectra show damped Lyα absorption wings and weak residual Lyα emission lines. The damped Lyα absorption is caused by interstellar absorption of the continuum and/or the Lyα absorption of the underlying stellar atmosphere continuum spectra. To measure flux of the residual Lyα emission, we subtract Lyα line spectra by a constant "absorbed continuum". The "absorbed continuum" is estimated as the average in the wavelength range where the Lyα emission line meets the absorbed continuum. Then we integrate the Lyα line spectra to get Lyα flux. Since the above absorption correction already includes stellar Lyα absorption, we don't need to correct the stellar absorption for these 8 Green Peas. Note that in some cases, the stellar absorption might have a very narrow component which is not fully corrected by this method.
In the remaining two Green Peas (GP0339−0725 and GP0747+2336), the Lyα lines are too weak and we didn't detect Lyα emission.
Then we correct the measured Lyα fluxes for Milky Way extinction using the Fitzpatrick (1999) extinction law. The rest-frame EW(Lyα) is calculated using the Lyα fluxes and the "local continuum" as EW(Lyα)=flux(Lyα)/f λ (continuum)/(1+redshift). The Lyα escape fraction, f is Lyα(observed)/(8.7×Hα corrected ). The SDSS Hα spectra were taken with 3 diameter aperture which matches the COS 2.5 diameter aperture very well. Note that many Lyα galaxies have a very extended Lyα halo (e.g. Ostlin et al. 2009; Hayes et al. 2013; Momose et al. 2014) . For these Green Pea galaxies, their Lyα to UV size ratios are about 2−4 (Yang et al. 2017) . Thus COS 2.5 aperture probably captured the majority of Lyα emission of those Green Peas.
Because the total counts per pixel in the UV continuum of this sample are small, we calculate the error spectra using the Poisson noise of the total counts. The statistical errors of Lyα fluxes are calculated from the error spectra using the error propagation formula. The Lyα flux, luminosity, EW(Lyα), and f 
Lyα EW distribution of Green Peas
With a large sample of Green Peas that cover the whole ranges of dust and metallicity, we now have a more reliable estimation of the EW(Lyα) distribution of Green Peas than previous result. 41 out of 43 Green Peas show Lyα emission lines. 28 out of 43 GPs (65%) in our sample have rest-frame EW(Lyα) ∼ > 20Å and would be classified as LAEs in a typical high-redshift narrowband survey. We compared the EW(Lyα) distribution of these 28 Green Peas to high redshift LAEs samples. The high redshift LAEs samples include a sample of z = 2.8 narrow-band selected LAEs (Zheng et al. 2016 ) and a sample of spectroscopically confirmed LAEs at z=5.7 or 6.5 (Kashikawa et al. 2011) . To be consistent with the methods used in high-z LAEs studies, we use the EW(Lyα) of Green Peas without correction of the stellar Lyα absorption. We also add a GALEX selected z ∼ 0.3 LAE sample to the comparison (Deharveng et al. 2008; Cowie et al. 2011; Finkelstein et al. 2009; Scarlata et al. 2009 ). Figure 5 shows the cumulative EW(Lyα) fraction distributions of these four samples. These 28 Green Peas have very similar EW(Lyα) distribution to the highredshift (z = 2.8) sample. So Green Peas in general are the best nearby analogs of high-z LAEs.
Lyα ESCAPE AND Lyα PROFILES

Kinematic Features of Lyα Profile
In the Lyα escape process, Lyα photons are resonant scattered by the HI gas. Depending on the column density and bulk motion of HI gas, the resonant scatterings can significantly modify the Lyα profile. Therefore the Lya profile carries a lot of information about the HI gas properties. High-z LAEs usually show an asymmetric or a double-peaked Lyα emission line profile (e.g. Rhoads et al 2003; Kashikawa et al. 2011; Erb et al. 2014 ). For LAEs with detected optical emission lines and systemic redshifts, the peaks of Lyα profiles are usually redshifted with respect to the systemic velocities (McLinden et al. 2011 (McLinden et al. , 2014 Chonis et al. 2013; Hashimoto et al. 2013; Song et al. 2014; Shibuya et al. 2014; Erb et al. 2014) . The velocity offset of Lyα emission line from the systemic velocity is usually smaller in LAEs than in continuum selected galaxies with weaker Lyα emission lines or Lyα absorptions (Shapley et al. 2003) .
Most Green Peas show double-peaked Lyα profiles (figure 3) . For a typical double-peaked profile, we define the "red peak" as the peak in the Lyα line profile occurring at velocity > 0, the "blue peak" as the Lyα peak at velocity < 0, and the "valley" as the flux minimum between the two peaks.
With a sample covering a large range of properties, we can see the Lyα profiles are diverse. In figure 3 , the 42 Green Peas are sorted by decreasing f As in Paper I, we measure four kinematic features of the Lyα profile: i) the blue peak velocity V(blue-peak); ii) the red peak velocity V(red-peak); iii) the peak separation V(red-peak)−V(blue-peak); and iv) the full width at half maximum (FWHM) of the red portion of Lyα profile, FWHM(red). The velocities are relative to the systemic redshift derived from SDSS spectra. The measurements of these kinematic features are shown in Table 3. For some Green Peas, we don't measure their velocities because their Lyα profiles are too noisy. In the notes of Table 3 , we explain the reason for each profile without velocity measurement. To measure the errors of velocity peaks, we use a Monte-Carlo method to generate 1000 fake spectra by adding Gaussian noise (with the error spectra as the σ of Gaussian noise) to the observed spectra. Then we measure the peak velocities of these 1000 fake spectra and use the standard deviations as the errors. In summary, we have measurements of V(blue-peak) and the peak separation in 28 galaxies, and of V(red-peak) and FWHM(red) in 37 galaxies.
Relations between Lyα escape and Lyα kinematics
We show the relations between f Lyα esc and the kinematic features of Lyα profiles in figure 6. As f Lyα esc covers a range of about 3 dex, we show it in logarithmic scale. f Lyα esc shows anti-correlations with all four kinematic features -V(blue-peak), V(red-peak), the peak separation V(red-peak)−V(blue-peak), and the FWHM(red). We calculate the Spearman correlation coefficients of these relations (shown in each panel of figure 6 ).
In Paper I, we found the f Lyα esc correlates strongly with V(blue-peak). Here we can see most Green Peas still follow the correlation, but there are a few Green Peas with large scatter. So the overall correlation is worse than in Paper I. These outliers suggest that the Lyα blue peak velocities are determined by multiple mechanisms. For example, one outlier (GP1454+4528, marked with a square and different color in figure 6 ) has a distinct profile with the largest positive V(valley) (the velocity at the inter-peaks dip) and very strong blue portion Lyα emission. Its V(blue-peak) and V(red-peak) clearly offset from the trends. However, if we exchange the V(bluepeak) and V(red-peak), then it follows the trends very well. There is probably strong gas inflows as well as gas outflows in this galaxy. We excluded this object from the calculation of correlation coefficients.
On the other hand, in Paper I, we found large scatter between f Lyα esc and V(red-peak) with 12 Green Peas. However, as the current sample covers a large range of f (Cowie et al. 2011; Finkelstein et al. 2009; Scarlata et al. 2009) . The magenta dashed line shows the z = 2.8 LAE sample from Zheng et al. (2016) . The red dotted line shows the z = 5.7 and 6.5 LAE sample from Kashikawa et al. (2011). relations between EW(Lyα) and V(red-peak) in high redshift LAEs and LBGs, where the LAEs have high EW(Lyα) and small V(red-peak), while the LBGs have small EW(Lyα) and large V(red-peak) (Shapley et al. 2003; Hashimoto et al. 2013; Erb et al. 2014) .
We also found that f
Lyα esc
anti-correlates with FWHM(red). We do a linear fit to this relation and get the following function. Since any high-z LAE with a spectrum will have a measured FWHM for the red peak, it is easy to use this relation to infer the Lyα escape fraction of high-z LAE.
log(f
Brief interpretations: The Lyα profile depends on the column density and the kinematics of HI gas. As the HI column density increases, the numbers of scatterings for Lyα photons increase. The more scatterings generally result in larger offsets of peak velocities (V(blue-peak) and V(red-peak)) and broader line profile (FWHM(red)). Also, more scatterings increase the Lyα photons' path lengths which makes the Lyα radiation more susceptible to dust extinction and consequently decreases the Lyα escape fraction. Thus those anti-correlations mostly indicate that the f Lyα esc decreases as the column density of HI gas increases.
Lyα ESCAPE AND OTHER GALACTIC PROPERTIES
5.1. dust extinction, stellar mass, and metallicity These Green Peas are very well studied galaxies and provide a great opportunity to explore the dependence of Lyα escape on other galactic properties. Previous studies have found that f the relation between f Lyα esc and metallicity are unclear Atek et al. 2014; Hayes et al. 2014 ; Paper I). Our sample covers the full ranges of dust extinction and metallicity of Green Peas. In figure 7 , we show the relations between f Lyα esc and E(B-V), metallicity, and stellar mass. The Spearman correlation coefficients of these relations are shown figure 7.
The Green Peas with higher dust extinction tend to have smaller f Lyα esc , confirming that dust extinction is an important factor in Lyα escape. In figure 7a , we also show the expected Lyα escape fractions if Lyα is only absorbed by dust following the Calzetti et al. (2000) extinction law (dashed line) or the SMC extinction law (Gordon et al. 2003 ) (dotted line). The SMC extinction law is steeper in FUV than the Calzetti et al. (2000) extinction law, so the extinction of Lyα emission is larger for SMC extinction law. Many Green Peas are below the dashed and dotted lines, because resonant scatterings increase the escape path length of Lyα photons and the chances of being absorbed by dust. Interestingly, many Green Peas are above the relation for SMC extinction law. If the dust extinction in Green Peas follows SMC extinction law, then it probably suggests resonant scatterings in clumpy dust distributions decrease the dust extinction of Lyα emission (Neufeld 1991; Hansen & Oh 2006; Finkelstein et al. 2009; Scarlata et al. 2009 ; but also see Laursen et al. 2013 showing that clumpy media does not decrease the dust extinction of Lyα for typical conditions in LAEs). f Lyα esc also anti-correlates with metallicity and stellar mass. In the f
Lyα esc
vs. metallicity diagram, only 37 galaxies with [OIII]λ4363 line S/N > 3 are shown. In figure 7, we also show the mass-metallicity relation of Green Peas and color the sample with f Lyα esc . The dashed line shows the mass−metallicity relation for SDSS galaxies in Amorin et al. (2010) , where the metallicity of SDSS galaxies are calculated with the same effective temperature method. These Green Peas have lower metallicities than the mass−metallicity relation of SDSS galaxies, similar to other emission line selected galaxies (Xia et al. 2012; Ly et al. 2014; Song et al. 2014) . These Green Peas with lower metallicities and smaller masses have less dust extinction. In addition, ionized gas outflows can blow out the metal enriched gas and decrease the metallicity and dust extinction. At the same time, the ionized gas outflows can make holes with low HI column densities and help Lyα escape.
Morphology and size of UV emission
We get the NUV image of each object from the COS target acquisition (figure 2). So we also explore the relation between Lyα escape and the UV morphology. The pixel scale of NUV image is 0.0235 ± 0.0001 arcsec/pixel. The FWHM of point spread function is about 2 pixels or 0.047 . As we can see from the images, most Green Peas are very small and compact. Multiple clumps, tidal tails, and asymmetric shapes are common, which may suggest dwarf-dwarf mergers are common in Green Peas. In figure 2, these images are sorted by decreasing f We then use GALFIT (Peng et al. 2010 ) to measure the galaxy size. We fit the image with a single Sersic profile component and get the half light radius of each galaxy. The half light radii are shown in Table 1 
Lyα PROFILE FITTING
The Lyα emission line profiles can usually be explained by resonant scatterings of Lyα photons by an outflowing HI gas shell (e.g. Ahn et al. 2001; Verhamme et al. 2006; Dijkstra et al. 2006; Schaerer et al. 2011) . To extract more information from the Lyα profiles and explore the physical process of Lyα escape, we fit the Lyα profiles with the outflowing HI shell radiative transfer model (Dijkstra et al. 2014; Gronke et al. 2015 ).
In the model, Lyα photons were generated by a source fully surrounded by a spherical dusty HI gas shell which scattered/absorbed the Lyα photons. The intrinsic Lyα line has a Gaussian profile with width σ. The shell is described by four parameters: (i) outflow velocity v exp , (ii) HI column density N HI , (iii) temperature T (including turbulent motion as well as the true temperature), and (iv) dust optical depth τ d . Generally, these parameters affect the Lyα profile as follows: a larger outflow velocity and a smaller N HI will decrease the red-peak velocity; a higher temperature will generally broaden the line profile; a larger dust optical depth will decrease the line strength. Then we find the best-fit model parameters (σ, v exp , N HI , T, τ d ) and calculate the errors of parameters with Markov Chain Monte Carlo (MCMC) method. We refer the reader to Gronke et al. (2015) and Paper I for details of the model and the fitting method.
In Paper I, we showed the fitting results of 12 Green Peas. The model fit nine profiles very well, but failed in the other three profiles. Here we show the fitting results for another 23 Green Peas (out of the 31 additional Green Peas) with sufficient S/N in their Lyα profiles. The model fit the observed profiles very well in many cases (figure 9). The best fit parameters are shown in Table 4 . We discussed a few interesting fitting results below.
(1) HI column density: In Paper I, we found f Lyα esc anticorrelates with the best fit N HI for the 12 Green Peas. Here we show the relation between f Lyα esc and the best fit N HI in figure 10 for the combined sample of 35 Green Peas. The result confirms the anti-correlation between f Lyα esc and N HI . For the three cases (GP1424+4217, GP1133+6514, and GP1219+1526, marked by large blue circles) where the fitting procedure failed, we plot the N HI obtained by manually adjusting the model parameters to match the observed depth of the "valley" and the relative heights of blue and red peaks (see Section 6 of Paper I). For GP1454+4528 (marked by a red square) with gas inflow, the fitting was bad. For the two galaxies marked by large cyan triangles, the best fit N HI are not constrained. If the three galaxies marked by the square and triangle are excluded, the Spearman correlation coefficient for the relation of f Lyα esc and N HI is r=-0.59 (P=4e-4). If all six galaxies marked by the large circle, square and triangle are excluded, the Spearman correlation coefficient is r=-0.52 (P=4e-3). This result is consistent with studies of high redshift LAEs that suggested LAEs have lower N HI than non-LAEs (e.g. Shibuya et al. 2014; Erb et al. 2014; Hashimoto et al. 2015) . Therefore the low column density of HI gas is a key factor to make Lyα escape.
(2) Intrinsic Lyα line width: The intrinsic Lyα line Gaussian width σ is about 2−3 times larger than the Hα Gaussian width in many cases, as we discussed in Paper and the best fit N HI from radiative transfer model. Five known LyC leakers are marked by large diamonds. For the three cases (GP1424+4217, GP1133+6514, and GP1219+1526, marked by large blue circles) where the fitting procedure failed, we plot the N HI obtained by manually adjusting the model parameters to match the observed depth of the "valley" and the relative heights of blue and red peaks (see Section 6 of Paper I). For GP1454+4528 (marked by a large red square) with gas inflow, the fitting is bad (see figure 8 ). For the two galaxies marked by large cyan triangles (GP1428+1653 and GP1122+6154), the best fit N HI are not constrained. The Spearman correlation coefficient is calculated without the three galaxies marked by square and triangle.
I. In four cases, the best fit σ is narrow and comparable to the Hα width because the best fit profile only has a single peak. The wide intrinsic Lyα line profile can be due to important radiative transfer effects that broaden Lyα profile near to the source, before the processes attributed to the outflowing HI shell.
(3) Outflow velocities: The best fit shell outflow velocities are mostly between 5 to 170 km s −1 which are generally smaller than the outflow velocities measured from the low-ionized UV absorption lines (Yang et al. inprep) . This may suggest the low-ionized absorption lines trace a different gas component from the HI gas. We also noticed that for six profiles with strong blue peaks, the best fit shell outflow velocities are smaller than 20 km s −1 . In GP1454+4528, the outlier discussed in section 4.1, the HI gas shell is inflowing with a best-fit velocity of 171 km s −1 . (4) The three failed cases: In Paper I, the model failed in three profiles with positive velocities at the line "valley". We later improved the model by adding a shift of the velocity zero point as a free parameter of the fitting. The improved model can fit these three profiles very well. But the shifts of velocity zero points are about 90 − 150 km s −1 which are too large to be due to the errors of wavelength calibration. Those large shifts may be explained by some additional radiative transfer effects before the Lyα photons meet the HI gas shell.
Although the shell model captures many real radiative transfer effects and can fit the Lyα profiles very well, we should be cautious about the interpretation of the best fit parameters. A simple shell model can mimic more complex real physical properties . For example, a low N HI model can mimic a model in which the gas is clumpy and the covering factor is low . In this case, the best-fit N HI value is a simple approximation of the overall HI column densities. Interestingly, the best fit N HI of the five LyC leakers are about 10 17−20 cm −2 , larger than the N HI that permit LyC escape. It suggests that their LyC emission probably escape through some holes in the interstellar medium with much lower N HI .
PREDICTING Lyα ESCAPE FRACTION
As we said in the Introduction, one major reason for the studies of Lyα escape is to use Lyα lines to probe reionization. A fraction (f Lyα esc ) of intrinsic Lyα photons first escape out of an LAE, then they go through the IGM where they can be further scattered by HI, and the remaining photons can finally be observed as a Lyα line. So the IGM transmission can be measured from the observed Lyα line flux if we know the intrinsic Lyα line flux and f and Lyα kinematic features, dust extinction, metallicity, stellar mass, and HI column density. So can we select a few observable factors and fit an empirical relation to predict f Lyα esc ? Physically, Lyα escape depends on the properties of dust and HI gas, so we should select the factors that can indicate the properties of dust and HI gas. Dust extinction is relatively easy to measure and could be a useful factor. The Lyα kinematic features strongly depend on the column density and kinematics of HI gas and could be another useful factor. Among a few Lyα kinematic features, the Lyα red-peak velocity is easier and more robust to measure than the blue-peak velocity which might be removed by absorption and the line width which depends on the spectra resolution. The other three factors -metallicity, stellar mass, and HI column density from fitting of Lyα profile -are difficult to measure and the uncertainties are large. Furthermore, both dust extinction and Lyα V(red-peak) show relatively tight anticorrelations with f Lyα esc . So we fit an linear empirical relation to predict f Lyα esc from dust extinction and V(redpeak) of Lyα profile.
In figure 11 , we first show the relations of f Lyα esc , E(B-V), and V(red-peak). In the diagram of E(B-V) vs. V(red-peak), objects are color-coded by f Lyα esc . We can see that (i) E(B-V) and V(red-peak) don't show a correlation; (ii) the Green Peas with lower dust extinction and smaller V(red-peak) have larger f Lyα esc . In the diagram of f Lyα esc vs. E(B-V), objects are color-coded by V(redpeak). Those Green Peas with large V(red-peak) generally have smaller f Lyα esc than the others with the same E(B-V). Then we fit 37 Green Peas with both V(redpeak) and E(B-V) measurements. Two Green Peas, GP1454+4528 with gas inflow and GP0749+3337 with the largest V(red-peak), are outliers of the fitting, so we remove these two objects. The final best-fit relation of The IGM measured by this method is the "true" IGM far from the LAE, which is in contrast to the circumgalactic medium (CGM). The "true" IGM only affects the strength of Lyα red peak by the damped absorption factor of e −τ , where τ is the optical depth of the IGM HI gas along the line of sight, and its effect on the velocity of the narrow Lyα red peak is negligible. Some simulations suggested that the HI gas in the CGM can be very close to the Lyα photons in frequency, so the CGM HI gas can resonantly scatter and/or absorb Lyα photons at V(redpeak)<160 km s −1 (Laursen et al. 2011; Dijkstra 2014 ) and change the V(red-peak) of Lyα profile. In fact those scatterings by CGM are part of the Lyα escape process before Lyα photons reach the "true" IGM. So the influence of CGM gas is already considered in the empirical relation.
This empirical relation has important implications for reionization tests with Lyα lines. Some observations suggested that the fraction of Lyα emission line in Lymanbreak galaxies drops rapidly at z > 6.5 (e.g. Tilvi et al. 2014; Pentericci et al. 2014 ). This could be due to small number statistics. But if this signal is real, it suggests either (i) the "true" IGM optical depth increases rapidly or (ii) the optical depth of ISM and CGM increases rapidly. Using our empirical relation, we can measure the optical depth of the "true" IGM and distinguish these two possibilities.
Some recent observations suggest that five z ∼ 7 galaxies show very small velocity offsets about 20-150km s −1 between Lyα and [CII] emission lines (Pentericci et al. 2016; Bradac et al. 2017) . Those small V(red-peak) values may indicate that the Lyα escape fractions are high and the optical depths of ISM and CGM are small.
One caveat regards whether the empirical relation derived from low-z analogs is applicable to high-z LAEs. The properties of ISM and CGM likely evolve between the low-z LAEs (Green Peas) and LAEs in the epoch of reionization. However, since the physics of Lyα resonant scattering is same in both low and high-z, increasing the HI gas column density in ISM probably doesn't change how N HI affects Lyα profile. So the empirical relation is very likely applicable to z > 6 LAEs. We studied Lyα escape in a statistical sample of Green Peas with HST/COS Lyα spectra. About 2/3 Green Peas show strong Lyα emission lines. Many Green Peas show double-peaked Lyα line profiles, but the Lyα profiles are diverse. These Green Peas have well measured galactic properties from SDSS optical spectra, so we investigated the dependence of Lyα escape on dust extinction, metallicity, stellar mass, galaxy morphology, and [OIII]/[OII] ratio. We also fit their Lyα profiles with the HI shell radiative transfer model. Finally, we derived an empirical relation to predict Lyα escape fraction. Our major conclusions are as follows:
1. With a statistical sample of 43 Green Peas that cover the whole ranges of dust extinction and metallicity properties of Green Peas, we found about 2/3 of Green Peas are strong Lyα line emitters with distribution of EW(Lyα) consistent with high-z LAEs. This confirmed that Green Peas generally are the best analogs of high-z LAEs in the nearby universe.
The f
Lyα esc shows anti-correlations with a few Lyα kinematic features -the blue peak velocity, the red peak velocity, the peak separation, and the FWHM(red) of Lyα profile. These Lyα kinematic features are sensitive to the column density and the kinematics of HI gas. As more scatterings in HI gas can make the Lyα velocity offsets larger and the Lyα profile broader, these correlations strongly suggest low N HI and fewer scatterings help Lyα photons escape.
3. With a large sample, we found many correlations regarding the dependence of Lyα escape on galactic properties -f Note. -Column Descriptions: (1) Object ID; (4) Redshifts are from SDSS optical spectra; (5) The Milky Way extinction E(B − V ) M W , based on Schlafly & Finkbeiner (2011) ; (6) dust extinction; (7) metallicity; (8) stellar mass; (9) star formation rate in unit of M yr −1 derived from Hα luminosity; (10) half light radius in unit of Kpc; (11) HST programs: GO14201 (PI S. Malhotra), GO13744 (PI T. Thuan; Izotov et al. 2016), GO13293 (PI A. Jaskot; Jaskot et al. 2014), GO12928 (PI A. Henry; Henry et al. 2015) , GO11727 and GO13017 (PI T. Alexandroff et al. 2015) . These 43 galaxies are sorted by decreasing f Lyα esc from top to bottom. The machine readable table is available online. a These are confirmed LyC leakers from Izotov et al. (2016) . 
